Rinderpest is caused by a morbillivirus closely related to the measles and canine distemper viruses. The pathology and symptomatology of the three diseases are very similar,1 but in terms of mortality, rinderpest is by far the most lethal; in European cattle the death rate often exceeds 80 per cent. The disease was eradicated in Europe over a hundred years ago, but in the eighteenth century an estimated 200 million cattle died from it, and the rural economy of most European countries was profoundly affected by the successive waves of epizootics.2 Many leaders of medical opinion became actively involved in the study of these outbreaks, in part out of scientific interest, but also because their assistance was requested by their respective governments. In the rural areas several medical practitioners and even clergymen took an active interest in rinderpest because they were directly confronted with the disastrous losses suffered by farmers. Cattle played a key role in rural life not only as producers of meat and milk, but also as the main source of manure. The severe losses stressed the need to have trained manpower to handle animal disease and stimulated the creation of schools of veterinary medicine in the latter part of the eighteenth and beginning of the nineteenth centuries. Most of the work on rinderpest referred to in this article was carried out by medical men and some pharmacists, none of whom had any specific training in animal diseases. 3 Opinions on the cause H6rissey, 1922, pp. 237-74 . In this article the author gives a long, though still very incomplete list of the leaders of medical opinion involved in rinderpest research with brief biographies and short descriptions of their work in this field. 4 Lise Wilkinson, 'Rinderpest and mainstream infectious disease concepts in the eighteenth century', Med. Hist., 1984, 28: 129-50. practical lessons had nevertheless been learned from past experience: isolation and sanitary measures, when applied strictly, had been shown to be at least partially effective in limiting the spread of human plague, and long experience with smallpox had taught that one attack of the disease would protect for life; in addition, artificial smallpox inoculation had been shown to provide protection and was becoming more popular towards the middle of the century.
Bernardino Ramazzini had been the first to describe rinderpest, in 1712.5 He was the principal professor of medicine at the University of Padua. He saw several similarities between rinderpest and smallpox and his views were widely accepted. Giovanni Maria Lancisi, the Pope's personal physician, recommended the slaughter of all infected and exposed animals.6 This policy was undoubtedly the most logical approach to combat the rinderpest epizootics, but it understandably met with much resistance and was therefore applied only sparingly especially at the beginning; later in the century it would be used successfully in several countries. In others, however, the measures were seen as too drastic and costly; in addition, their strict application required a strong central authority, which was often lacking, as in the United Dutch Provinces for example.
Against this background it was not surprising that attempts were made to apply the inoculation principle to rinderpest, as it was extrapolated to measles by Francis Home a few years later.7 Both diseases were seen as closely related to smallpox and one attack was known to provide lifelong protection. Several of the most fervent and experienced smallpox inoculators, like Pieter Camper in the Netherlands, became the most enthusiastic promotors of applying the procedure to rinderpest, especially because all attempts to cure the disease had failed; the whole range of the then known drugs used in human medicine had been tried, all to no avail.8
Initial Inoculations in England and the Netherlands
The first written report of rinderpest inoculation was published as a letter signed "T.S." in the November 1754 issue of the Gentleman's Magazine, a journal then widely read by educated people not only in Britain, but also on the Continent. This magazine also actively supported the progress of smallpox inoculation.9 In this context it was eager to publish letters about the applications of the principle to other diseases. In a footnote to Schwencke's letter, the editor of the Gentleman's Magazine regretted that in the meantime he had received no further details of the early trial in England, and that no additional trials had been reported in his own country; he then remarked: "Upon the first appearance of our magazine in Holland, the Dutch merchants at Amsterdam instanfly set on foot a subscription for the purchase of a number of cattle all of which they caused to be inoculated".21
A few further trials were in fact performed in England. Daniel Peter Layard, Fellow of the Royal Society and at the time a medical practitioner in Huntingdon, in a letter read to the Royal Society on 2 February 1758 referred to an experiment by the Dean of York on "five beasts inoculated by means of a skein of cotton dipped in the matter and passed thro' a hole, like a seaton, in the dew-lap." One of them, a pregnant cow, died, but the four others survived and resisted reinfection when herded with diseased animals. A Mr Bewley, a surgeon of repute in Lincolnshire, inoculated three animals; all three recovered after a mild disease and were shown to be immune. Layard advocated inoculation, except for young calves and pregnant cows, and made detailed recommendations on how to proCeed.22 TWO years previously he had published a book on rinderpest in which, like most other authors, he had stressed the analogy between the disease and smallpox.23 In the meantime the epizootic had begun to recede in England and, consequently, the interest in inoculation declined. When in the 1760s the epizootic caused enormous damage on the Continent, the English government called upon Layard for advice; he recommended killing the affected animals and burying them immediately. However, he still praised inoculation as a valuable prophylactic treatment, based on his assumption that rinderpest was an eruptive fever of the variolous type. The total number of inoculations in England appears to have been very limited and after 1780 the English interest in rinderpest disappeared for nearly a century;24 almost all further experimentation was done in the Netherlands, Northern Germany and Denmark.
Independently of the above mentioned early Dutch trials, Eelko Alta, a Friesian clergyman in Boosum, had also started a trial on his own cattle in 1755, but all the inoculated animals had died. Alta was not too discouraged, because he realized that he had done his trial in a stable in which naturally infected animals were housed and that therefore no valid conclusions could be drawn from these results. He interrupted his trials for some time, but resumed them on two animals in December 1759. After blood-letting and thorough purgation, he inoculated them with a very small amount of nasal discharge from diseased cattle using a thread and a needle to perforate the skin, as he had done in his first experiment. Both animals became ill, but survived. However, when exposed to naturally infected cows, they became sick again, but less severely. Alta thought that because he had used a small amount of inoculum the animals had been unable to get rid of the virulent substance in their bodies. He published the results of his two trials in a book on rinderpest, in which he refuted the ethical and theological objections to inoculation.25
In the Netherlands, as in most other European countries, the debate for and against smallpox inoculation was very much alive in those years. The 26 Miller, op. cit., note 9 above, pp. 100-33; Jean-somebody else; and (c) theological: since disease was a divine punishment, trying to prevent it by inoculation was acting against God's will.
In the rinderpest debate in Holland and elsewhere, very much the same arguments were used by opponents of inoculation, with somewhat less emphasis on the ethical aspect, since animals, not people, were involved. The proponents of inoculation considered rinderpest inoculation to be medically justified since the disease had become enzootic and all cattle ran a great risk of contracting it anyway by natural infection. As far as the theological objections were concerned, Alta asked his opponents if they saw other scourges of mankind, such as floods, also as divine punishments, and if so, why they reinforced the dykes in order to prevent them.
In a postscript to his book, Alta referred to an article by Johannes Grashuis published in 1758, which he had not seen before. Grashuis was a physician in Hoorn, the author of several scientific publications and a member of a number of local and foreign learned societies. Grashuis had induced only a mild disease, but his animals were not protected, and four out of six died when exposed later to natural infection.27 Alta's conclusion from his own limited experience and that of Grashuis was that one could inoculate "too lightly" or "too heavily". He remained optimistic and thought that with adequate inoculation procedures, it would be possible to create gradually a more resistant breed of cattle, that would eventually replace the more susceptible animals: he had noticed the higher resistance of calves from so-called "gebeterde koeien", i.e. cows which had recovered from the disease.28
In the early 1760s Jan Engelman published an article on rinderpest, which is of interest because he was probably the first author to observe the close similarity between rinderpest and measles. He was a physician in Haarlem and one of the first members of the Dutch Society of Sciences there. He described in detail fifteen points of analogy between the two affections. Engelman thought that there were no solid arguments in favour of rinderpest inoculation, because it was not caused by a "pox poison"; he added however the following remark: "Suppose for a moment it was caused by a measles poison, and if one could safely inoculate against rinderpest, would this mean that one could safely inoculate this measles poison and, although no experiments in humans have been done, would one not be inclined to inoculate human beings with it, and especially children?".29 At the time he wrote this, Engelman was obviously unaware that Home had already published his results of measles inoculation in Scotland.
Further Trials in the Netherlands
The interest in inoculation sharply increased again towards the end of the 1760s as a result of severe losses in several parts-of the country. Some of the biggest names in Dutch medicine became involved in the struggle against the epizootic, among them Pieter 27 J Grashuis, 'Berigt van de in-enting der waar in het vaderland zig door de ziekte van het besmettelijke ziekte onder het rund-vee', Uitgezogte rundvee thans bevind, van clinical medicine and chemistry at Groningen, had come to the conclusion that rinderpest, like smallpox, would remain endemic, and that in this context, quarantine, isolation and slaughtering policies would be ineffective; prophylactic inoculation remained the only valid alternative.
In February 1769 Camper gave a series of four lectures in the Theatrum Anatomicum in Groningen. In the first three he described the-anatomy of ruminant stomachs, and his fourth lecture was devoted to rinderpest; he stressed the need for inoculation trials. In the preface of his publication he stated that, at the time he started his experiments, he had been unaware of Alta's work published four years before. Camper thought that one should not be too discouraged by the negative results of early trials, because when smallpox inoculation had started in England earlier in the century, morbidity and mortality had also been high, mainly because the incisions were made too deep. With experience accumulated over the years, inoculators had learned to make very small wounds and to use minute amounts of infectious material and the results had improved significantly.31
In April 1769 Camper started a trial with van Doeveren in Groningen on 75 cows. The results published by van Doeveren, were not very encouraging: 39 animals died and 36 recovered.32 Camper himself lost interest in the Groningen trial, apparently because of its slow progress, and decided to start an experiment in Friesland, where a violent epizootic was raging. This trial was supervised by Wijnold Munniks, who would later be a professor at, and three times rector of, Groningen University, and the results were published the same year.33 A total of 112 yearlings were inoculated, of whom 45 survived. The authors found no difference between the mortality rates of those which had received an inoculum from animals that had died of the disease, and those which had been inoculated with material from animals which were recovering at the time it was taken. The surviving yearlings proved to be immune when exposed to naturally infected cattle. The authors were encouraged by their results and claimed that after natural infection only 20 to 28 animals would have survived instead of 45. From the practical viewpoint, they recommended the use of nasal or conjunctival secretions as inoculum rather than saliva, soaking a seven to eight inch thread in it and sticking it through the skin of the buttocks or elsewhere, the inoculation site being of little importance; on the fifth or sixth day the animals were to be given a purgative.
Independently, several others performed some trials in the same period. recovered and 64 died. They reached three conclusions from their work: (a) infectious material taken from a diseased animal on the second, third or fourth day of sickness, always produced rinderpest; (b) inoculated animals which had shown typical symptoms, were always immune to reinfection even when the symptoms had been mild; and (c) the mode of inoculation and the various therapies used had no impact on the results. Reinders resumed his experiments in 1774, concentrating on the inoculation of calves from cows that had recovered from rinderpest. He was in all probability the first to make practical use of maternally derived immunity. In rinderpest most, but not all, calves lose their colostrum derived antibodies by the age of nine to ten months; some lose theirs at a much earlier age.39 As for other morbillivirus diseases, there is great individual variation related directly to the antibody titres of the individual mothers.
In an open letter to Camper and Munniks, Reinders reported his observation that calves from immune dams did not become susceptible to the contagion before they were put out in the open air in the spring. He had discussed this phenomenon with them several times between 1769 and 1774, but had not been able to generate much interest on their part. He had therefore decided to embark upon trials on his own and had inoculated calves from cows which had had the disease five years previously; the calves had been inoculated when six to eight weeks old and while still indoors; they had shown only very mild reactions. Some of them had been reinoculated after they had been out in the pastures for four to five weeks and had shown some very mild symptoms on the sixth day after inoculation; they were later shown to be resistant to natural infection. Reinders invited Camper and Munniks to repeat his experiments.40 The detailed results of his trials were published in 1776 and reprinted in 1777 together with his 1774 letter to Camper and Munniks"41 Reinders had gone through a difficult time while carrying out these trials: he had been attacked by zealots who accused him of atheism because he acted against God's will.
Although Alta had briefly referred to the higher resistance of calves from recovered cows, he had attributed it to a kind of hereditary resistance. Reinders came much closer to the true explanation with his observation that the resistance of the calf depended only on the immune status of the dam and was not influenced by that of the bull. He had also noticed that once a cow had recovered from the disease, all the calves she bore afterwards were initially resistant, irrespective of the time since her recovery. He Reinders found out that in order to increase his chances of success, he had to inoculate the calves two or three times at different ages. He predicted, rather optimistically, that with his method of repeated inoculations, a resistant cattle population could be created, not only in his own country, but throughout Europe. The main problem he foresaw, was the supply of enough infectious matter to keep inoculating.
His inoculation procedure did not differ much from what had been used previously: infectious material was obtained from nasal discharge on the second to fourth day of illness, a thread was soaked in it and then with a needle drawn through a fold of loose skin, usually in the buttocks; the thread was removed 4 to 5 days later. He recommended three inoculations routinely: the first one in the stable, preferably at the age of six weeks, the second when the calves had been outdoors for three or four weeks and the third in August or September. Reinders' chances of success may have been greatly increased because of unintentional contact of the inoculum with the nasal and oral mucosae of the calves through licking of the wounds or otherwise.
Reinders' example was followed by Jan Hendrick Stolte, a local physician in Zwolle, using 120 calves from immune dams: 20 of them died, but 4 of these were presumed by the author to have succumbed to an intercurrent disease; of the other 100 animals 48 were inoculated a second and a third time without showing signs of illness. 43 The publication of Reinders' work generated renewed interest in inoculation, because his results were much better than those obtained previously in other cattle. the disease versus non-immune ('ongebeterde') calves". Not only were the financial conditions clearly spelled out, but also the required age and other specifications.48 Reinders' results were summarized by Camper in a paper to the Societ6 Royale de Medecine in Paris, but no reference was made to Reinders.49 According to Camper, apart from secretions, meat, blood or a piece of skin could also be used as inoculum. He also presented a lengthy paper to the Berlin Gesellschaft Naturforschender Freunde, again without giving due credit to Reinders.50 Camper made a plea for generalized immunization and recommended to governments the creation and maintenance at their expense of non-immune herds to serve as a reservoir for the production of the inoculum. His recommendations met with little success in the majority of European countries because they were already applying the eradication method.
In the Netherlands the interest in rinderpest inoculation declined in the 1780s because the epizootic itself decreased in intensity. When it reappeared in 1797 in Gelderland, Rudolph Forsten, a professor of medicine at Harderwijk, recommended inoculation under certain conditions, but stated in the same article that killing affected animals could be very efficient, as shown by the results in other countries.51
Inoculation in Other Countries
Apart from the United Dutch Provinces, Northern Germany and Denmark were the only other regions where inoculation was used to any significant level. The situation in 1779 was reviewed in detail by Claus Dethloff von Oertzen52 and by W Schumacher.53 The former was "Oberhauptmann" in the dukedom of Mecklenburg-Schwerin; the latter was also an officer in the same dukedom and member of the Konigliche Grossbrittanische Landwirtschaftsgesellschaft (Royal British Agricultural Association) in Celle. Von Oerzen quotes extensively an anonymous article published in Brunswick in 1763, in which inoculation was advocated because, even if the losses were high, the quarantine period could be much shortened because all animals would go through the disease at the same time, whereas in a naturally occurring epizootic these measures had to remain in place for several months.54
During the epizootic of the late 1770s Mecklenburg became the focus of inoculation experiments in Germany. The trials started on a large estate owned by Herr von Bulow, Royal Danish Kammerunker, after the rinderpest invasion of 1776. On some farms the disease was associated with relatively low mortality and neighbours brought their cattle to these farms to be infected with this "mild" form. Von Bulow started doing inoculation trials in 1777 using this benign inoculum. In the first experiments the mortality was high, but von Biilow persevered and in one of the subsequent trials 22 of 25 cattle survived. He continued his trials in 1778 and also observed that calves from immune dams reacted only slightly or not at all, even when they were inoculated three times. He was probably aware of the Dutch experience.
Von Oertzen attributed the relatively favourable results obtained by von Billow to the benign nature of the infection; the inoculated animals became sick on only the ninth or tenth day instead of the fifth day when inoculated with more virulent material. A total of 135 out of the 177 cattle inoculated by von Billow had survived when von Oertzen started his own experiment with "benign" material, and generally, but not always, with good results.
Inoculations became more and more generalized in Mecklenburg and "insurance companies" were created which provided inoculation in special "institutes" on the following conditions: the owners were invited to estimate the value of their cattle; the animals were then placed in inoculation stables and inoculated; if an animal died the owner received the estimated price as compensation; if it survived, the farmer had to pay half the value before he received it back after recovery. Von Oertzen mentioned that at the time he was writing his book, the "insurance companies" had already reduced their price to one third of the value. According to Worseck the inoculation institutes in Mecklenburg were private initiatives created with full encouragement from the authorities.55
Both von Oertzen and Schumacher described in detail the procedures to be used for inoculation. These corresponded roughly to those used in the Netherlands, but von Oertzen insisted in particular on the choice of a benign inoculum. Pregnant cows and calves under six months were excluded. Between 15 and 40 healthy cattle were brought together in the inoculation stables and usually inoculated by an incision in the upper part of the flank; threads infected with nasal secretions were laid in the wound, which was then covered with a plaster; care was taken to prevent the animals from licking the wound; the threads were removed on the sixth day.
Storage of the inoculum was a problem: in summer it could not be held for more than an average of five or six days, in winter two weeks; von Oertzen wrapped the infected cotton or linen threads up in wax paper and put them in an apothecary's box. Schumacher recommended burying them in a dry place in the ground.
A survey in Mecklenburg on the mortality post inoculation demonstrated that the overall results were good, even when the less successful experiments were included. In total 3,241 of 4,075 inoculated cattle fully recovered; 438 died and 290 were still sick at the time of the survey, but 106 of them only slightly. Veterinary School, which had been created the year before, was sent on an official mission to Gartau to study the procedures used in Mecklenburg. He wrote a detailed report which was published after his death.61 During his stay 135 animals were inoculated of which 7 died. In his recommendations, which followed closely those of von Oertzen and Schumacher, Kersting insisted on taking the nasal secretions of the individual animals separately, on noting carefully the name or the number of the donor animal and on always using material from an animal that had shown mild symptoms; he also stressed the importance of using only animals in good health for the propagation of the inoculum. Overall, the losses in the inoculation institutes in Mecklenburg did not exceed 10 per cent.62
In the German-speaking countries many remained opposed to inoculation. Johann Gottlieb Wolstein was against it; he was a professor and director of the Animal Hospital in Vienna and founder of the Vienna Veterinary School; he was also opposed to slaughtering but did not come up with a clear viable alternative.63 Others claimed that there was no difference between benign and severe epizootics and that the whole outcome depended on the circumstances and on the constitution of individual animals.
Rinderpest had virtually disappeared from Mecklenburg by 1792 when Schumacher wrote the preface to the second edition of his work; he thought it useful to re-edit his recommendations, however, since the epizootic was still raging in other regions. In Sweden inoculation was strongly opposed by the well-known scientist Peter Jonas Bergius, a botanist and doctor of medicine, and professor of natural history at Stockholm, who claimed that rinderpest was similar to human plague; since plague could infect a human being several times over, it would be impossible to protect cattle by inoculation.69 In France, F6lix Vicq d'Azyr, who became very actively involved in the struggle against rinderpest, carried out a trial, but almost all the inoculated animals died.70 In the majority of European countries the struggle against the disease was based upon stamping it out, sometimes with minimal losses, in other cases with heavy sacrifices. This method was applied successfully in, for example, England and the Austrian Netherlands (roughly today's Belgium).71
In the nineteenth century rinderpest inoculation was no longer practised in Western or Central Europe, but for several decades it remained popular in parts of Russia.72
Conclusions and Comments Inoculation was not a valid solution to the immense problem created by the rinderpest invasion of Europe in the eighteenth century. Not only were the losses after inoculation in many instances too high, but, even more importantly, the procedure perpetuated the circulation of the causal agent in the cattle population. From the scientific point of view, however, the inoculation pioneers made some significant contributions to our knowledge in those very early days of active immunization against infectious diseases.
The rinderpest experience proved that smallpox was not unique in being preventable by inoculation and that the procedure provided lifelong protection. It confirmed the concepts of those who saw infectious diseases as caused by specific etiological agents; in this context Camper's statement sounded very modern when he wrote that each kind of contagious epizootic in cattle comes from a specific germ or material, which always causes the same attacks of disease and that this matter is spread everywhere by the air as a general vehicle and through inhalation to the lungs, sometimes also with the nasal mucus or with the saliva, or with the intake of food, it is brought into the body and mixes with the blood. The observation by Reinders and Stolte, that calves from recovered cows were resistant represented probably the first recognition in any species of the phenomenon of maternally derived immunity. Reinders noticed that this resistance was not of hereditary origin, that it depended solely on the immunity of the dam, that it subsided with the increasing age of the calf and that this happened much earlier in some calves than in others; he also noticed that the immunity gradually disappeared leaving the calves just as susceptible as those from dams who had not had the disease. He took advantage of this temporary resistance to inoculate calves with minimal risk and he realized that he increased his chances of successful inoculation by repeating the procedure at different ages, because in some of the calves the first inoculation would not produce a "take".
It is interesting to note that for two morbillivirus infections the same procedures would be "reinvented" a century and a half later. In Naturally occurring rinderpest virus strains are known to have a variable degree of virulence.76 The Mecklenburg investigators apparently used this phenomenon with some success by systematically selecting less virulent material in their inoculation institutes. Also, as a rule, they used material derived from previously inoculated animals. The total number of passages, however, probably remained very limited and it seems unlikely that this would have resulted in any significant further attenuation of the virus, as suggested by Wens. 77 The idea of inoculation against rinderpest and later against measles, was based upon the presumed similarity of these diseases with smallpox; in the latter disease inoculation in most cases would produce a skin eruption and, relatively speaking, less involvement of the respiratory tract and, hence, much less morbidity and mortality than in natural disease. It was hoped that for rinderpest and measles a similar strategy could be developed, but morbilliviruses behave in a very different way from poxviruses and in spite of many attempts the dermal inoculation principle has never found any general application for either of these two diseases.78 For both of them reliable attenuated virus vaccines did not become available before the second half of the twentieth century. 
